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1. Introduction
The new RAT (5G) need to consider frequency ranges up to 100 GHz with the objective of a single technical framework addressing all usage scenarios, requirements and deployment scenarios including
· Enhanced mobile broadband

· Massive machine-type-communications
· Ultra reliable and low latency communications 

The procedures in NR should be designed to satisfy the new scenarios and requirements and furthermore the design should ensure the forward compatibility. In this contribution, the impact of new requirements and characteristic of NR on initial access are analysed.
2. Discussion
2.1. Challenges of initial access design in NR

A set of new requirements should be satisfied by the NR design as highlighted in [1TR38.913]. Out of many requirements and KPIs listed in [TR 38.913], the following KPIs and design requirements have direct impact on the design of initial access procedure. 
(1) Low latency requirements on inactive -> active transition
It is requested that the latency for UE transmitting from inactive to active state is no more than 10ms. Control plane latency is defined as the time to move from a battery efficient state to continuous data transmission during which initial access procedure should be performed by the UE. Thus the time taken for initial access procedure should be even less than 10ms.  Meeting very tight latency requirement is challenging with 1 ms TTI.  One approach is to have very short TTI and processing time.  Possible use of short TTI for NR is investigating in RAN1. Another approach is to minimize the number of messages/steps involved in initial access procedure. Both approaches should be investigated for satisfying the latency requirement in design of initial access procedure. 

(2) Support of high frequency
Beam forming and beam sweeping techniques are being investigated in RAN1 for support of efficient data transmission in very high frequencies considered for NR. However the use of beam forming, beam sweeping by the initial access UEs while maintaining efficient system resource utilization and optimal UE power consumption is challenging. Initial access procedure is designed to allow for unsynchronized UE access on contention resources to gain UL synchronization to the network (random access procedure).

 It should be discussed whether the support of Random Access in high frequency could be avoided. High frequency NB could be used as secondary NB while interworking with low frequency NB. Then the RACH procedure for initial access in high frequency NB could be avoided. Regarding time alignment in high frequency NB, some mechanism such as providing TA to high frequency NB via low frequency NB or having a TA offset between high frequency NB and low frequency NB could be considered.

When standalone high frequency NB is considered, random access procedure should be enhanced to cater for high frequency beam forming/sweeping techniques. These enhancements could be considered on top of the general initial access procedure designed for standalone low frequency NB and low frequency and high frequency interworking scenarios. 

(3) Support of diverse user scenarios. E.g.: delay critical service such as mission-critical application, large coverage
Delay critical services such as mission-critical applications and some URLLC services may require prioritized access even at initial access procedure in order to satisfy the stringent latency requirement. The initial access procedure should be designed to accommodate such differential treatment for delay critical service support. The forward compatibility is one of the design guideline of the NR system design. 

Support of large coverage is another design challenge in NR initial access. In mMTC scenarios, coverage enhancement is required. Channel repetition was used to address converge enhancement so far. Similar method could also be used.
(4) Very large UE density
Ultra dense deployment is a typical scenario in NR, and the target for connection density should be 1 000 000 device/km2 in urban environment. Very large UE density increases access load. Potential large RACH load should be considered in the initial access design for NR.
Observation 1: Challenges discussed above should be taken into to account in design of initial access procedure for NR. 
2.2. Design guideline for initial access in NR
Initial access procedure should be designed to address many challenges resulted from the new NR requirements as well as potential introduction of new services in the future hence forward compatibility. In this section, some design aspects which are considered for NR system and their impacts on initial access procedure is discussed. 
(1) Multiple numerologies and flexible bandwidth for NR
The frequency scope in NR extends to 100GHz. In RAN1#85 meeting, it was agreed:

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported.
· NR should support of flexible NW and UE channel bandwidth. And The NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth
Some questions arise due to multiple numerologies and flexible bandwidth in one network:
· Question1: Would the UE aware of the multiple numerologies before initial access to the network?
· Question 2: Would the UE aware of its operating band before the initial access?
· Question 3: Is there a need for the UE to select the numerology for initial access? And hence the RACH parameters accordingly?
Some detail design in initial access such as synchronous signaling, preamble sequence, and RACH resource should be determined in RAN1. RAN2 could focus on the design of initial access procedure. It is not clear how to differentiate the need of RACH for different numerology in initial access stage. Moreover, the benefit of applying differential treatment on initial access procedure depending on the numerology is not clear. Use of common procedure for all numerologies provides future prrofness and simple design. Therefore, a common RACH procedure design should be targeted for all numerologies. To speed up the initial access procedure and decrease the complexity of physical layer design, numerology agnostic access request, i.e. Msg1 in RACH is suggested.
Observation 2:  A common RACH procedure should be targeted for all numerologies.
(2) Use cases
It is requested to use a single technical framework for initial access procedure addressing all usage scenarios:  eMBB, mMTC and URLLC. Should the initial access procedure be designed dependent on the use scenarios? Referring to LTE design, legacy initial access procedure is enhanced to support eMTC and NB-IoT, but the same procedural steps are applied. So we think similar approach can be followed for NR use scenarios and common approach is used for initial access procedure. The enhancements on top of the common procedure could be considered if the benefit is identified. 
Observation 3: A common approach should be used for initial access procedure for all three use cases.
(3) UE capability
NR should support many UE types and various UE capabilities required for different use cases and applications. Similar to above analysis, a common initial access procedure should be used for all UEs to allow for forward compatibility.
Observation 4: A common initial access procedure should be used for all UEs regardless of UE capability.

Based on above observations, we propose that:
Proposal 1: A common random access procedure design should be targeted to address different numerologies in NR. 

Proposal 2: A common random access procedure design should be targeted to address all use cases, i.e. retaining commonalities as much as possible.
RACH procedure is a key composition in initial access. But RACH procedure can be used in other purposes as well. Referring to LTE design, RACH procedure is used for the following purposes in LTE. 
· Initial access from RRC_IDLE; 

· RRC Connection Re-establishment procedure; 

· Handover; 

· DL data arrival during RRC_CONNECTED requiring random access procedure: 

· UL data arrival during RRC_CONNECTED requiring random access procedure: 

· For positioning purpose during RRC_CONNECTED requiring random access procedure; 

· SCG addition/modification (DC)

· RRC connection resumption
Equivalent purposes could also be foreseen for the use of RACH in NR. In addition to the above purposes, RACH access could also be used as a method for parameter synchronisations between the UE and the network. As per the NR mobility discussion in the last meeting, the mobility within a NR-NB where the UE is moving from one TRP to another would have no or minimum RRC involvement. For the scenario where no, RRC signalling, a mechanism preferably not involving RRC signalling is required to maintain the use of same set of parameter at the network and the UE. RACH procedure could be used for parameter synchronisation between the UE and the network without involving RRC signalling.

Similar to the RACH design in LTE, RACH in NR should be designed to address multiple purposes. 

Proposal 3: Similar to RACH design in LTE, RACH procedure in NR should be designed to address multiple purposes such as initial access, connection resumptions, etc.  

3. Conclusion

In this contribution, we analyse the impact of new requirement and characteristics in NR on initial access. Some observations are deduced and two proposals are suggested.
Proposal 1: A common random access procedure design should be targeted to address different numerologies in NR. 

Proposal 2: A common random access procedure design should be targeted to address all use cases, i.e retaining commonalities as much as possible.
Proposal 3: Similar to RACH design in LTE, RACH procedure in NR should be designed to address multiple purposes such as initial access, connection resumptions, etc.  
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